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IS  APPROVED  BY  ME  AS   FULFILLING  THIS  PART  OF  THE  REQUIREMENTS  FOR  THE  DEGREE 


OF 


88031 


THE  OBJECT  OP  THE  UT^KSTIGATION 

In  a  recent  "bulletin  published  "by  the  Nev7  York  Agricultural 
Expcirlment  Station,  V.  A.  Clark  concludes  that  a  definite  corre- 
lation exists  between  the  specific  gravity,  and  the  percent  of 
germination,  and  vitality  of  the  seed.     The  number  of  seeds  used 
by  V.  A,  Clark  in  his  experiments  seemed  altogether  too  small  for 
safe  generalization,  and  it  was  desirable  to  repeat  his  experi- 
ments using  a  far  larger  number  of  seeds. 
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HISTORICAL 

Since  the  days  of  tradition  there  have  "been  sundry  ways  of 
finding  out  the  quality  of  seeds.  They  have  been  floated  off  or 
have  been  heated  until  they  popped;  they  have  been  broken  and  the 
fractures  noted;  they  have  been  cut,  and  Judged  by  the  appearance 
of  the  inside.  Besides  these  superficial  and  inaccurate  methods, 
germination  tests  have  been  resorted  to  more  or  less  commonly  for 
over  a  hundred  years. ^ 

In  1869  Br.  P.  Nobbe  began  testing  seeds  in  his  laboratory 
in  Tharand,  Saxony.    This  was  the  beginning  of  seed  testing.  ^ 

The  method  of  seed  selection  by  means  of  salt  solutions  has 

long  been  known  to  gardeners.    Yokoi  remarks  that  it  has  been 

practiced  for  over  260  years  in  China  and  Japan.     A  simpler  form 

of  the  method  which  consists  in  floating  off  light  seeds  in  pure 

HgO  is  by  some  practiced  in  America  at  the  present  time,  as  for 

2 

instance  among  growers  of  lettuce  under  glass.      The  method  of 
selecting  seeds  varies  somewhat  with  the  shape,  size  and  weight 
of  the  seed.     If  heavy  seed  is  desired,  a  salt  solution  may  be 
used,  of  such  density  that  only  seeds  of  the  desired  specific 
gravity  will  sink  to  the  bottom,  while  all  the  lighter  seeds  of 
less  specific  gravity  and  the  undesirable  matter  can  be  skimmed 
off  and  rejected.     This  method  is  open  to  several  objections, 
among  them  being  the  fact  that  the  heavy  seeds  do  not  always  sink, 

1  Yearbook  1899.     Seed  testing. 

2  Bulletin  No.  256.    New  York  Agricultural  Experiment  Sta- 
tion.   V.  A.  Clark. 
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owing  to  a  film  of  air  which  surrounds  them  or  to  the  flat  surface 
which  some  species  present.     This,  however,  may  be  obviated  to  a 
considerable  extent  by  dipping  the  seeds  into  alcohol  or  formalin. 
Furthermore,  unless  the  seeds  are  dried  promptly  or  sown  at  once, 
the  immersion  in  these  solutions  may  affect  their  vitality.^ 

1  Yearbook  1896.    The  superior  value  of  large  heavy  seeds 
by  Gilbert  H.  Hicks  and  John  C.  Dabney.    Method  of  se- 
lecting seeds. 
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DETAILS  07  IIAITIPULATION 

Wr*  Clark  in  his  report  descri"bes  a  variation  of  the  method 
of  seed  selection  "by  salt  solutions.    This  variation  differs  from 
methods  as  heretofore  practiced,  in  that  the  specific  gravity  of 
the  salt  solution  used  differs  from  one  another  in  much  shorter 
intervals,  and  thus  permits  of  far  greater  precision  in  the  deter- 
mination of  the  specific  gravity.     The  results  as  reported  indi- 
cate that  with  different  ranges  of  specific  gravity  different 
cultural  properties  of  seeds  are  often  found  to  "be  correlated. 

The  method  of  a  series  of  separates  differs  from  the  method 
of  samples,  which  has  been  principally  used  heretofore  by  scien- 
tific investigators,  in  that  it  distinguishes  "between  individual 
seeds  of  different  qualities  in  so  far  as  these  qualities  are  cor- 
related with  specific  gravity,  and  separates  them.     It  does  not 
simply  indicate  the  average  specific  gravity  of  the  whole  lot  as 
is  done  "by  the  method  of  samples.    Mr.  Clark  found  that  seeds  of 
the  same  lot  commonly  show  a  wide  range  in  specific  gravity.  If 
the  seeds  are  of  good  quality  the  larger  part  of  them  are  found 
within  a  relatively  narrow  range,  near,  "but  not  at  the  upper  lim- 
it of  specific  gravity,  for  the  variety.      Within  the  limits  of 
the  variety,  the  lower  the  specific  gravity,  the  greater  the  pro- 
portion of  small  seeds  and  vice  versa.    He  found  further  that 
quite  a  definite  correlation  exists  between  the  specific  gravity 
of  a  seed  and  its  germination.     Seeds  of  low  specific  gravity  do 
not  germinate  at  all;  those  in  a  range  higher,  germinate  scantily 
and,  in  many  cases,  produce  comparatively  weak  plants;  those  of 


[    the  highest  specific  gravity  show  the  highest  percentage  of  ger- 
I     mination  and  vigor  of  seedlings, 

Mr.  Clark  drew  his  conclusions  with  reference  to  the  correla- 
!     tion  from  what  seemed  to  me  too  few  observations.     This  I  intend 

(     to  discuss  at  greater  detail  later.     It  appears  that  seeds  of  a 

ii 

specific  gravity  representing  the  greatest  storage  of  reserve  ma- 
terial are  longest  lived,  and  that  seeds  of  a  low  specific  gravity 
representing  a  comparatively  low  storage  of  reserve  material, 
soonest  exhaust  their  supply  of  reserve  material  and  die. 

He  thinks  that  differences  in  specific  gravity  are  due  either 
to  differences  in  structure  or  to  differences  in  composition.  If 
differences  in  composition  are  not  obscured  by  differences  in 
structure,  which  they  often  are,  the  differing  specific  gravities 
to  which  they  give  rise  are  indexes  of  quality  of  the  seed.  He 
finds  differences  in  specific  gravity  may  indicate  differences  in 
composition  due  to  different  degrees  of  ripeness.     In  this  case 
specific  gravity  is  an  index  of  ripeness. 


The  apparatus  used  is  very  simple.     It  consists  of  two  spoons 
m.ade  of  brass  wire  gauze.     One  spoon  is  made  to  fit  exactly  the 
bottom  of  the  glass  used  in  testing  the  seeds,  so  that  the  seeds 
of  greater  specific  gravity  than  the  solution  come  to  rest  on  the 
spoon,  and  can  be  readily  removed.     The  second  spoon  is  made  smalL 
er  and  is  used  to  skim  off  the  seeds  that  float.    The  seeds  are 
dried  on  filter  paper. 

About  200  cc.  of  the  stock  solution  is  poured  into  glass  ves- 
sels of  the  same  size  previously  labeled  to  correspond  to  the 
specific  gravity  of  the  solution  it  contains.    The  seed   is  pour- 
ed into  a  dish,  out  of  which  half  a  teaspoonful  of  the  seed  is 
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taken  in  the  big  wire  spoon.     It  is  dipped  into  alcohol  to  remove 
the  surface  film  of  air  vsiiich  affects  the  determination  of  spe- 
cific gravity.    After  draining  off  the  alcohol  on  filter  paper  the 
seeds  are  immersed  in  distilled  H^O.    The  seeds  that  float  in 
distilled  H^O  are  skimmed  off.    The  seeds  that  sink  to  the  "bottom 
of  the  spoon  in  distilled  HgO  are  taken  out,  dried  a  little  on 
filter  paper,  and  immersed  in  a  1,17  specific  gravity  sodium  ni- 
trate solution.     The  seeds  that  float  are  skimmed  off  and  placed 
on  filter  paper  to  drain,  those  that  sink  are  in  turn  immersed  in 
the  next  higher  specific  gravity,  that  is,  1.20.    This  is  repeat- 
ed until  a  density  of  1.26  is  reached,  at  which  all  seed,  used  in 
this  investigation,  float. 

The  seeds  are  then  washed  throughly  and  put  on  clean  labeled 
filter  paper  to  dry.    After  the  seed  has  dried  for  a  day  and  a 
night  in  the  room  which  has  a  temperature  of  23.89®  C,  each  lot 
of  seeds  of  different  specific  gravity  is  put  in  open  dishes  "by 
itself  to  stand  until  thoroughly  dried,  when  they  are  used  for 
the  experiments. 

In  the  preparation  of  the  solutions  used  in  this  investiga- 
tion, I  follow  in  the  main,  the  method  as  given  by  Clark.  The 

solutions  are  made  of  Na  No    and  distilled  HoO.    The  density  of 

3  2 

this  series  of  solutions  used  differs  from  each  other  by  three 
one  hundredths  of  unity  in  Twaddell's  scale.    The  members  of  the 
series  used  are  as  follows:    Distilled  HgO;  1.17  specif^ic  gravity; 
1.20  specific  gravity;  1.23  specific  gravity;  and  1.26  specific 
gravity. 

Two  hundred  fifty  cc.  of  each  solution  are  made  at  one  time. 
The  different  solutions  are  kept  in  large  glass  bottles  with 


tightly  fitted  glass  stoppers,  in  a  dark  desk.    The  hj'-drometer 
tests  made  before  using  the  solutions  show  that  very  little  change 
takes  place  in  the  density  of  the  solutions.     In  the  higher  spe- 
cific gravity  there  is  a  very  slight  change  in  density,  it  being 
that  the  solution  has  a  little  higher  specific  gravity  than  when 
made.    It  usually  varies  from  1/2  to  1  1/2  cc. 
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RANGE  AWD  DISTRIBUTION  OP  SEEDS 
WITH  RESPECT  TO  SPECIFIC  GRAVITY 

Each  of  the  different  kinds  of  seed  (clover,  onion,  radish, 
cress  and  cabbage)  that  the  writer  has  examined  shows  a  consider- 
able, although  for  the  same  species  or  variety,  a  very  uniform 
range  in  specific  gravity.     The  range  in  specific  gravity  of  two 
different  kinds  of  seed  often  show  a  wide  variation.    However,  by 
far  the  larger  number  of  seeds  of  each  species  or  variety  vary 
but  little  in  specific  gravity.     If  the  seeds  are  of  good  quality 
and  high  in  percent  of  germination,  most  of  the  seeds  are  found 
in  a  series, equidistant  from,  either  extreme  in  specific  gravitj^. 


Dist.HaO 

1.17  sp.gr. 

1.20  sp.gr. 

1.23  sp.gr. 

1.26  sp.gr. 

1. 

Clover 

Least 

Bulk  of 

Next  high- 

Highest af- 

Highest 

seed 

seed 

est 

ter  1.20 

after  1.23 

2. 

Radish 

Highest 

Bulk  of 

Next  high- 

12 seeds 

seed 

after 

seeds 

est 

1.20 

3. 

Cress- 

Least 

Bulk  of 

Next  high- 

Highest af- 

Highest 

Extra 

seeds 

est 

ter  1.20 

after  1.23 

curled 

or  pep- 

per 

grass 

4. 

Cabbage 

Highest 

Bulk  of 

Highest 

6  seeds 

Early 

after 

seed 

after  Dist. 

II 

spring 

1.17 

HgO 

5. 

Onion 

8  seeds 

Bulk  of 

Next  high- 

seed 

est 

1 
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Of  the  five  different  kinds  of  seed  examined  all  show  some 
seeds  that  float  in  distilled  HgO,     Clover  has  a  few  seeds  theit 
float  in  1.17  specific  gravity.    The  clover  seeds  that  float  are 
all  dark  in  color.    As  a  rule  the  seeds  that  float  do  not  germin- 
ate.    This  is  probably  due  to  imperfect  pollination. 

The  gelatinous  covering  of  the  cress  seeds  soak  up  when  test- 
ed and  form  a  jelly-like  mass.     The  seeds  all  stick  together  when 
dry,  so  this  method  of  solutions  is  not  desirable  for  separating 
seeds  of  this  nature. 

In  the  clover  seed  the  following  distribution  with  regard  to 
color  is  found. 

Distilled  H^O  -  dark  seeds. 

1.17  specific  gravity  -  seeds  mixed,  light  and  dark. 

1,20  specific  gravity  -  seeds  mixed  with  a  larger  proportion 
of  light  color  seeds. 

1.23  specific  gravity  -  seeds  mixed  with  a  larger  proportion 
of  light  color  seeds. 

1,26  specific  gravity  -  seeds,  larger  proportion  light  color. 
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EXPKRBtSNTS  OST  GERMIMATION 

One  hundred  seeds  of  each  specific  gravity  mentioned  are  used 
for  each  experiment.     The  one  hundred  seeds  of  each  specific 
gravity  are  weighed  and  the  weights  recorded.     The  seeds  after 
"being  soaked  in  tau  H^O  for  24  hours  are  planted  in  petri  dishes 
on  moist  filter  paper,  and  are  covered  with  moist  filter  paper 
and  the  petri  dish  cover.     On  the  following  and  successive  days 
the  number  of  seeds  that  geminate  are  counted,  and  a  record  kept 
until  the  number  remains  constant. 

!?or  the  test  on  germination  5,000  seeds  are  used.  This  in- 
cludes seeds  of  all  the  specific  gravities  mentioned,  and  repre- 
sents ten  complete  experiments.     Out  of  the  5,000  seeds,  3,179 
seeds  germinate,  which  is  63,58  percent  of  the  number  of  seeds 
planted.    A  definite  relation  exists  between  the  germination  of 
seeds  and  the  specific  gravity  jjrovided  the  number  of  seeds  used 
is  sufficiently  large  to  insure  trust-worthy  conslusions  to  be 
reached. 

By  examining  Table  I,  it  is  noticed  that  by  using  a  small 
number  of  seeds       the      germinating  vigor  may  fall  nov7  in  one 
specific  gravity,  now  in  another.     Hov/ever,  by  considering  the 
total  number  (5,000  seeds)  the  germination  as  related  to  specific 
gravity  is  clearly  brought  out.     It  is  shown  that  there  is  a  grad- 
ual rise  in  the  number  of  seeds  that  germinate  from  distilled 
H  0  to  1,20  specific  gravity;  from  1,20  specific  gravity  to  1,26 
specific  gravity    there    is  a  gradual  fall  in  the  number  of  seeds 
that  germinate. 
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TABLE  I. 

TOTAL  NUICBER  OP  SEEDS  THAT  GERMINATE 


No.  of 
Esp. 

'Bate 

Dist. 
HgO 

'  1.17 
j    sp.gr. - 

!  1.20 
sp.er. 

1 

'  1.23 
sp.gr. 

'  1.26 
1  sp.gr. 

Solutions 

1 

20 

52 

77 

86 

83 

'  90 

Na  No- 
o 

2 

Mch. 

10 

39 

46 

66 

49 

81 

It 

3 

Mch. 

6 

24 

45 

57 

68 

38 

N 

4 

Mch. 

8 

32 

53 

55 

61 

55 

m 

5 

Nov. 

17 

90 

91 

93 

95 

86 

w 

6 

Nov. 

14 

71 

88 

83 

82 

80 

If 

7 

Nov. 

21 

60 

85 

81 

84 

78 

w 

8 

Pel>. 

22* 

4 

14 

18 

5 

8 

n 

9 

Feb. 

14 

42 

76 

86 

85 

92 

« 

10 

Feb. 

28 

45 

76 

,  ,90  , . 

85  _ 

 79  , 

It 

459 

651 

1 

725 

697 

1 

647 

=  3179 

+Sand  poisoned  in  this  experiment. 

The  total  number  of  seeds  referred  to  in  the  above  Table  I. 
is  5,000.     Of  these  3,179  germinated. 
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WEIGHTS 

In  the  weights  of  the  hundred  seeds  for  each  specific  grav- 
ity of  the  ten  different  experiments  there  are  no  two  weights  that 
agree.    When  the  results  of  just  one  experiment  are  taken,  it  is 

i' 

found  that  weight  has  nothing  to  do  with  the  pov/er  of  germina- 
tion of  seeds.     The  highest  weight  in  one  experiment  will  he  found  'I 
in  1.26  specific  gravity;  in  another  experiment  it  will  be  found 
in  1,20  specific  gravity  and  so  on  for  all  the  different  specific 
gravities  except  distilled  HgO,    Very  different,  hov/ever,  are  the 
results  of  the  ten  experiments  if  considered  collectively.     It  is 
found  that  there  is  a  gradual  rise  in  the  weight  from  distilled 
HgO  to  1,20  specific  gravity  and  then  a  gradual  fall  from  1,20 
specific  gravity  to  1,26  specific  gravity.    This  can  he  seen  by 
!    referring  to  Table  II. 
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TABLE  II. 

WEICrHT  0?  100  SEEDS  IN  EACH  SPECIFIC  GRAVITY 


No.  of 
Exp. 

Date 

Dist.  1 
HgO 

1.17 

sp.  gr. 

1.20 
sp.  gr. 

1.23 
sp.  gr. 

1.26 
sp.  gr. 

Solution 

1 

Oct. 

23 

.1334 

.1400 

.1409 

.1326 

Na  N03 

2 

Oct, 

30 

.1339 

.1358 

.1423 

.1334 

n 

3 

Mch. 

7 

.1054 

.1417 

.1447 

.1446 

.1400 

n 

4 

Mch. 

9 

.1063 

.1367 

.1428 

.1352 

.1363 

tt 

5 

Apr. 

4 

.1217 

.1416 

.1416 

•  1463 

.1382 

N 

6 

Nov. 

16 

.1468 

.1475 

.1431 

.1420 

.1490 

II 

7 

Mch. 

22 

.0970 

.1339 

.1340 

,1360 

.1273 

II 

8 

Mch. 

6 

.1098 

.1429 

.1430 

.1380 

.1364 

II 

9 

Eeb. 

27 

.0995 

.1383 

.1400 

.1367 

.1352 

tt 

10 

Feh. 

20 

.1089 

.1411 

.1512 

.1416 

,1410 

It 

11 

Feb. 

13 

.1071 

.1534 

.1540 

,1500 

.1452 

II 

12 

Eeh. 

21 

.0974 

.1448 

.1450 

.  1438 

.1379 

H 

13 

Nov. 

20 

.  1265 

.1492 

.1461 

.  1350 

.1384 

N 

14 

Nov. 

7 

.13110 

.14855 

.14865 

.13630 

.13390 

m 

15 

Nov. 

22 

.1344 

.1484 

.1572 

.1571 

.1571 

H 

16 

Dec. 

12 

.1310 

.1440 

.1559 

.1550 

.1429 

w 

17 

Nov. 

2 

.1160 

.1361 

.1379 

.1341 

.14445 

m 

18 

Series  A 
Apr.  10 

.0995 

.1436 

.1511 

.1487 

.1348 

n 

19 

Mch. 

4 

.0876 

.1358 

.1442 

.1300 

.1374 

m 

20 

Series  B 
Apr.  10 

.1042 

[^.1421_^ 

.1402 

.1542 

.1459 

w 

2.2974 

2.86645 

2.90375 

2.8395 

2.51955 

Av.  Wt. 

j  .11487 

1  .14332 

1  .14518 

1  .14197 

j  .13997 

14 


The  experiments  are  carried  on  with  common  crimson  field  clo- 
Ter,    'dr.  V.  A.  C3a  rk  found  that  clover  seed  did  not  genninate  "be- 
lev;  1»17  specific  gravity,  and  in  a  saxtijle  of  crimson  clover  i^nown 
to  be  1  1/2  years  old,  there  was  no  germination  below  1,23  spe- 
cific gravity. 

The  crimson  clover  seed  that  I  used  did  not  only  germinate 
at  1.17  specific  gravity,  but  there  was  459  seeds  of  specific 
gravity  of  distilled  HO  that  germinated  out  of  800  seeds  planted. 

The  number  of  seeds  used  by  Mr.  Clark  in  his  experiments 
seems  to  me  far  too  small  to  warrant  trust-v;crthy  conclusions 
being  reached. 

It  is  a  well  established  fact  that  the  results  of  experi- 
mentation become  far  more  accurate,  the  greater  the  number  of 
variates  used. 
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EXPERniSITTS  OF  THE  STRETTCtTH  MD  LENGTH  OP  L1¥R  OP  SEEDLINGS 

Small  earthen  jars  are  used  for  the  experiments  in  which  the 
seeds  are  at  once  planted  in  sand.    Petri  dishes  are  used  when  the 
seeds  are  planted  on  filter  paper.     The  jars  containing  the  plant- 
ed seeds  are  kept  in  dark  moist  chambers,  and  at  an  even  temper- 
ature.    Glasses  of  water  are  placed  on  each  shelf  of  the  chambers 
so  as  to  keep  the  chamber  moist. 

To  facilitate  counting  the  100  seeds  of  a  given  specific 
gravity  they  are  planted  in  three  or  four  jars  kept  under  identical 
conditions.     In  some  of  the  experiments  where  the  small  jars  are 
used  moist  sand  is  put  in  the  "bottom  of  the  jars,  and  then  covered 
with  moist  filter  paper.    Per  the  experiments  which  are  carried  on 
in  the  petri  dishes,  the  moist  sand  is  not  necessary  as  the  cover- 
ed petri  dishes  retain  the  moisture. 

In  the  experiments  made  to  determine  the  strength  of  the  seed- 
lings, the  seedlinp:s  are  allowed  to  grow  until  the  amount  of  re- 
serve material  In  the  seed  is  exhausted.    The  seeds  are  always 
grown  In  the  dark  so  that  they  have  no  means  of  getting  more  food 
than  is  stored  in  the  seed.     The  seedlings  are  looked  at,  and 
watered  each  day,  and  a  record  kept.    When  all  the  seedlings  in 
one  specific  gravity  are  dead,  the  number  of  seedlings  left  stand- 
ing in  the  other  specific  gravities  is  recorded  and  the  experiment 
stopped. 

Nine  experiments,  comprising  4,500  seeds  are  made  to  deter- 
mine the  strength  of  the  seedlings.  No  definite  relation  exists 
between  the  strength  and  length  of  life  of  the  seedlings  and  the 
specific  gravity  of  the  seeds  provided  a  sufficiently  large  number 
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of  seeds  are  used  to  insure  trust-worthy  conclusions  to  be  reached. 
By  examining  Table  III.  it  is  noticed  that  by  using  a  small  number 
of  seeds  that  the  germinating  vigor  may  fall  now  in  one  specific 
gravity,  now  in  another.    However,  by  considering  the  total  num- 
ber (4,500  seeds)  it  is  found  that  there  is  a  rise  in  the  number 
of  seedlings  that  remain  standing  from  distilled  HgO  to  1.17  spe- 
cific gravity.    Then  there  is  a  fall  in  the  number  at  1.20  spe- 
cific gravity,  a  rise  in  the  number  at  1.23  specific  gravity,  and 
a  fall  in  the  number  at  1.26  specific  gravity.     This  is  shown  in 
Table  III. 


TABLE  III. 
RELATIOIT  BBTHmm  STRE17GTH  OP  SEEDLIFGS 


Aim  SPECIFIC  aKAVITY  OF  PLAITTS 


No.  of  Experiments. 

Dist. 

1.17 
sp.gr. 

1.20 
sp.gr. 

1.23 
sp.gr. 

1.26 
sp.gr. 

1, Series  B. 

Started  Apr, 11. 
Ended  Apr.  23, 

3* 

8* 

29* 

11* 

3* 

2. Started  Mch.  8. 
Ended  Mch,  31. 

All  de^d 

■4 

2» 

2* 

All  dead 

13* 

3. Started  Mch,  10, 
Ended  Mch.  31. 

All  dead 

All  dead 

2* 

1* 

All  dead 

4. Started  Feb.  14. 
Ended  Mch,  7, 

All  dead 

1* 

All  dead 

1* 

All  dead 

5, series  A. 

Started  April  11, 
Ended  Apr,  23, 

2* 

3* 

4* 

2* 

3* 

6  Started  Mrh  15 
Ended  Mch,  31, 

4* 

20* 

A.11  dead 

24* 

12* 

7. Started  Feb,  28, 
Ended  Mch,  26. 

All  dead 

2* 

All  dead 

3* 

All  dead 

8. Started  Mch,  S, 
Ended  Mch,  31. 

6* 

7* 

9* 

12* 

3* 

9. Started  Apr.  5. 
Ended  Apr.  19. 

6* 

43* 

 33;^ 

73* 

36* 

21* 

8&* 

79* 

127* 

80*  1 

•Seedlings  left  standing. 
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RELATION  BETWEEN  RATE  OP  GERilllTATION  OP  SEEDS 
AlvTD  SPECIPIC  GRAVITY 

In  each  of  the  follov;ing  tables,  IV. a;  IV. "bj  F/.c;  IV, d  and 
IV. e,  are  shown  the  numlDer  of  seeds  that  germinate  of  clover  of 
varying  specific  gravities  on  different  days  after  planting. 

Of  the  800  seeds  of  the  specific  gravity  of  distilled  HpO, 
433  seeds  germinate,  of  which  numher  325  germinate  the  first  day; 
85  the  second  dayi  29  the  third  day;  10  the  fourth  day  and  1  seed 
the  fifth  day.     It  is  shovm  that  72.74  percent  of  the  seeds  ger- 
minate the  first  day.     This  can  he  seen  hy  referring  to  Table  IV  a. 

Of  the  800  seeds  of  the  specific  gravity  of  1.17,  598  seeds 
germinate,  of  which  number  448  germinate  the  first  day;  133  the 
second  day;  47  the  third  day;  8  the  fourth  day,  and  5  the  fifth 
day.     It  is  shown  that  74.91  percent  of  the  seeds  germinate  the 
first  day.     This  can  be  seen  by  referring  to  Table  IV. b. 

Of  the  800  seeds  of  the  specific  gravity  of  1.20,  643  seeds 
germinate,  of  which  number  460  seeds  germinate  the  first  day;  126 
the  second  day;  23  the  third  day;  9  the  fourth  day,  and  1  seed 
the  fifth  day.    The  total  shows  an  increase  of  45  seeds  over  the 
germination  in  1,17  specific  gravity.     It  is  shown  that  71.53  per- 
cent of  the  seeds  germinate  the  first  day.     This  can  be  seen  by 
referring  to  Table  IV. c. 

Of  the  800  seeds  of  the  specific  gravity  of  1.23,  505  seeds 
germinate,  of  which  number  388  germinate  the  first  day;  174  the 
second  day;  31  the  third  day;  11  the  fourth  day,  and  1  seed  the 
fifth  day.     This  shows  a  decrease  in  germination  of  138  seeds  com- 
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paring  1.23  specific  gravity  with  1.20  specific  gravity.    The  ger- 
mination in  this  specific  gravity  is  less  than  that  of  1,17  spe- 
cific gravity  "by  93  seeds,  but  greater  than  distilled  H^O  "by  72 
seeds.     It  is  shovm  that  76.83  percent  of  the  seeds  germinate  the 
first  day.     This  can  he  seen  "by  referring  to  Table  IV. d. 

Of  the  800  seeds  of  the  specific  gravity  of  1.26',  540  seeds 
germinate,  of  which  number  366  germinate  the  first  day,  162  the 
second  dayj  and  12  the  third  day.     This  shov/s  an  increase  of  35 
seeds  over  the  germination  in  1.23  specific  gravity.     It  is  not 
as  high  a  germination  as  is  found  in  1,17  specific  gravity  or  1.20 
specific  gravity.     It  is  shovm  that  67.7?  percent  of  the  seeds 
germinate  the  first  day.     This  can  be  seen  by  referring  to  Table 
IV.e. 
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TABLE  IV.  a. 
CLOVER  SEED  -  DISTILLED  HgO 
GERPIINATION  OF  SEEDS  ON  DIPEEREI>TT  DAYS 


No.  of 
Exp. 

Date 

Total  No. 
germina- 
tions. 

1  day 

2  day 

3  day 

4  day 

5  day 

6  day 

1 

jj  eo , 

00  + 

4 

1 

1 

1 

0 

1 

2 

Nov. 

14 

71 

49 

18 

2 

2 

0 

3 

Feb. 

20 

52 

41 

11 

0 

4 

Oct. 

24 

76 

60 

8 

6 

8 

0 

5 

Oct. 

31 

84 

68 

13 

3 

0 

0 

6 

Oct. 

10 

59 

55 

4 

0 

0 

7 

Peb. 

14 

42 

18 

19 

5 

8 

Feb. 

28 

45 

33 

11 

12 

- 

433* 

325 

85 

29 

10 

1 

♦Total  number  of  geminations  out  of  800  seeds. 
+Sand  poisoned  in  this  experiment. 
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TABLE  IW,  b. 
CLO^rER  SEED  -  1.17  SPECIFIC  GRAVITY 
GERIIINATION  07  SEEDS  OF  DI5TEREIATT  DAYS 


No.  of 
Exp. 

Date 

Total  No. 
germina- 
tions. 

1  day 

2  day 

3  day 

4  day 

5  day 

6  day 

1 

Peb. 

+ 

22 

14 

9 

3 

5 

0 

2 

Peb. 

28 

76 

63 

13 

3 

Feb. 

14 

76 

41 

30 

5 

0 

4 

Oct. 

10 

88 

77 

16 

3 

0 

5 

Oct. 

31 

95 

75 

14 

0 

1 

0 

5 

6 

Oct. 

24 

84 

61 

16 

6 

7 

7 

Feb. 

20 

77 

49 

26 

28 

0 

0 

8 

Nov, 

14 

88 

73 

15 

0 

0 

0 

598» 

448 

133 

47 

8 

0 

5 

•Total  number  of  germinations  out  of  800  seeds. 
+Sand  poisoned  in  this  experiment. 
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TABLE  IV,  c. 
CLOVER  SEED  -  1,20  SPECIFIC  GRAVITY 
GERIIINATION  OF  SEEDS  ON  DIFPEREITT  DAYS 


No.  of' 

Date 

Total  No. 
tions , 

2  dfl V 

1 

FOY. 

14 

93 

74 

14 

2 

3 

0 

0 

2 

Feb. 

20 

8£ 

67 

16 

3 

0 

3 

Oct. 

24 

92 

51 

7 

1 

0 

4 

Oct. 

31 

89 

81 

8 

0 

0 

0 

5 

Oct. 

10 

89 

63 

22 

0 

4 

6 

Feb. 

14 

86 

51 

32 

3 

0 

7 

Feb. 

28 

90 

62 

25 

3 

0 

8 

Feb. 

22"*" 

18 

11 

0  

1 

1 

643* 

460 

126 

23 

9 

1 

0 

♦Total  number  of  germinations  out  of  800  seeds. 
+Sand  poisoned  in  this  exi^eriment. 
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TABLE  r/.  d. 
CLO"^rRR  SEED  -  1.23  SPECIFIC  ORAVITY 
GEmCIFATION  OF  SEEDS  ON  DIS'mtENT  DAYS 


No.  of 
Exp. 

Date 

Total  No. 
germina- 
tions. 

1  day 

2  day 

3  day 

4  day 

5  day 

6  day 

1 

Peb. 

22 

5 

2 

0 

2 

1 

0 

2 

Feb. 

28 

85 

61 

20 

4 

3 

Oct. 

10 

93 

80 

11 

0 

1 

0 

1 

4 

Oct. 

31 

82 

59 

20 

2 

1 

0 

0 

Nov. 

14 

82 

64 

15 

3 

0 

0 

6 

Oct. 

24 

91 

20 

45 

17 

8 

1 

0 

7 

Feb. 

20 

83 

58 

25 

0 

8 

Feb. 

14 

85 

44 

38 

3 

505» 

388 

174 

31 

11 

1 

1 

•Total  number  of  germinations  out  of  800  seeds. 
+Sand  poisoned  in  this  experiment. 
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TABLE  r/.  e. 
CLOVER  SEED  -  1.26  SPECIFIC  GRAVITY 
GERl^IINATION  OP  SEEDS  ON  DIFFERENT  DAYS 


No  of 
Exp. 

Date 

Total  No 
germina- 

t  i  ons 

1 

1  day 

2  day 

3  day 

4  day 

5  day 

6  day 

1 

Peb. 

14 

92 

51 

35 

6 

0 

2 

Pet. 

20 

90 

58 

30 

2 

0 

3 

Moh. 

6 

38 

31 

7 

0 

0 

4 

Peb. 

+ 

22 

8 

2 

3 

3 

0 

5 

Pe"b. 

28 

79 

58 

20 

1 

0 

6 

Nov. 

21 

78 

53 

25 

0 

0 

7 

Deo . 

13 

75 

47 

28 

0 

0- 

8 

Nov. 

14 

80 

66 

14 

0 

0 

540* 

366 

162 

12 

0 

•Total  number  of  seeds  that  germinated  out  of  800  seeds. 
+Sand  poisoned  in  this  experiment. 
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I 
I 

TABLE  V. 

DOES  A  CORRELATION  EXIST  BETWEEN  LENGTH  OF  LI5E, 


AMOUl^TT  OF  GRO¥/TH  (IM  DARICNESS)  ,  AND  WEIGHT  OF  SEEDS? 


 —  

No.  of  Experiments. 

Diat 

1  17 
sp.gr. 

1  20 
sp.gr. 

1  23 

sp.gr. 

1  26 

sp.gr. 

1. Series  B. 

Started  Apr. 11. 
Ended  Apr. 23. 

wt.- 

.1042 
3* 

.1421 
8* 

.1402 
29* 

.1542 
11* 

.1459 
3* 

2. Started  Mch.  8. 
Ended  Mch.  31. 

wt  .- 

.1054 
All  dead 

.  1417 
2* 

.1447 
2» 

.1446 
AjLI  dead 

.1400 
13* 

3. Started  Mch. 10. 
Ended  Mch.  31. 

wt 

.1063 

All  dead 

.  1367 
All  dead 

.1428 
2* 

.1352 
1* 

.1363 

All  dead 

4. Started  Peb.l4. 
Ended  Mch.  7. 

wt-.  • 

1071 
All  dead 

1534 
1* 

1540 
All  dead 

•  X    Vy  V-/ 

1* 

1452 
All  dead 

5-Series  A. 

Started  Apr. 11. 
Ended  Apr. 23. 

wt.- 

.0995 
2* 

.1436 
3» 

.1511 
4# 

.1487 
2» 

.1348 
3* 

S. Started  Mch. 15. 
Ended  Mch.  31. 

wt.- 

.0876 
4* 

.1358 
20* 

.1442 

All  dead 

.1300 
24* 

.1374 
12* 

7. Started  Mch.  6. 
Ended  Mch.  31. 

wt.- 

.1098 
6* 

.1429 
7» 

.1430 
9* 

.1380 
12* 

.1364 
3* 

8. Started  Feb, 28. 
Ended  Mch.  26. 

wt. 

.0995 
All  dead 

.1383 
2* 

.1400 

All  dead 

.1367 
3* 

.1352 
All  dead 

9. Started  Apr.  5. 
Ended  Apr.  19. 

wt  .• 

.1217 
6* 

,1416- 
43» 

.1416 
33* 

.1463 
73* 

.1382 
36* 

*  Seedlings  left  standing. 

The  examination  of  the  above  table  clearly  shows  that  with 
the  number  of  seeds  used,  no  correlation  exists  between  the  length 
of  life,  the  amount  of  growth  (in  darkness),  and  the  weight  of 
seeds. 

I 


9S 


?6' 


7^' 


70 


I.  6' 


6o 


6-0 


3^' 


30 


I  o 


O 


7' 


ST) 


IS 


I  o 


7s 


A 


\ 

/  \ 


\ 

\ 


\ 


/ 


\ 


\ 

\ 


\ 
\ 


\ 

/  \ 
Ho  /  \ 

\ 


53- 

/ 

/ 

/ 

I 

I 

/ 


«  >  *  >«  X 


I  oh 


?6' 


90 


7s- 


70 


ip5- 


loO 


36' 


30 


A.0 


li- 


f.r 


Jo 
76 

ifO 

3^ 
3o 

1 5- 


V 


N 


> 


Tic.  ft-  tizt^ 


VjjJ:  .         ^Ji^t-^c^  is.^  /  9  0  (r, .  viii 


7^ 


X. 


2r6 


70 


6'6' 


6'^ 


H6- 


i-0 


30 


^6' 


/5~ 


I  0 


6' 


MlUt-  Uj^g  1.17 


i 


xii 


0' 


if,  0-0 


'/erf 


3 


2.  oxi 


M^y.D  1.17 


P 


3 


%  "t-    ^  4    ^  ^ 

^  ^     ^     ^   ^     ^  4*  ^     ^     'i^  ^ 


^     -i.     ^  ^  4 


^      ^      ^     "f*-  >  ^ 

^     ^     ^    4^^'^    ^    ^  ^ 

^        ^         4.  -i.  -ik         i(r         ^         ^         %        ^  %  -f* 

*  ^  -f-      ^     >  ^  >f     >    ^     ^      'i*-      *  ^  i| 

.     ^    ♦    ^   ^    ^    >  ,  ^        ^    ^  vt*    I**    *  ♦ 

^   ^    ^        ^    4    ^    ^   ^   ^    *    '♦^  *^  ^ 

^       I,      ^      ^      ^      *h      ^      ^  ^  IK      4»     V  4 

*  >^  ^      >^  ^  ^      'l^      1^  ^  ^  ^ 

^      ^      +      >  ^      4.      »f      >f.      f  ^      ^     ^  ^ 

4.      ^      ^      ^  ^      ^     ^      ♦      4^      ^      »^  ^ 

>4> 


4 

4* 

4. 

4* 

4» 

4» 

4* 

4^ 

4 

4. 

4- 

4. 

4- 

4 

1^ 

4*^ 

4* 

^.    ^    -I.         is    4^    if.    4.    4^    ^    ^    ^  ^ 

^     ^     4     ^     4^  ^     .f.     -.^     ^     4^     +     4-  *  4     ^  4* 

-»4.^^     t.4^4.^4*4.4^44-4.4.  -4'4w4i| 
4     4*  4^     4-  4.     4^     +  4*     4-     4^^     4*     4^  4^ 

^     4  4^     4.     ^  >^     ^     ^     4*     4^  4- 

4     4      4     4^     4*     ^     4   .  4     4^     ^  4 
4     4     4     4.     4-^    4.     4     4     4  4. 


^  ^     ^      4     4-     4      4*     4»-,    4-     4  4 

1^.    ^4     4'    4.     4.     4     4      4      4      4     %     4     4  > 


't'-  ^  y!:r  _^  '7/- 


4^      4  4-. 


  ,   ,      ,   , 

^  ^      4     4^     I-     %     *     4     4     4      4     4.     4      4     ^     4-  >^ 

4.      ^  4.     4.     4     4     4  4     4^     4^     4     4»     4.     4  i 

4-  4     %     4     4  ^  %:*-:^:t:v^f ''^ 


-4  "       4-    4    4-    4    4  4 


^    4.    4^   4^    1-  4 


4- 

4  ^ 


1^    f     f  ^ 

^-   #    #    ^    ^     t  ^          4         #^  ^  .  #  ,  ^  ^ 

#   #  ^#       ,1h  ^*        #  *  ♦ 

^                  #  #   ^             4^  ^   ^  '  ^  ^ 

<^   ^    ^    -    ^    1^  *            -4       ^ '  -4  ^ 

iii^    ^    ^    f-.  ^#    ^  ;^  4    ^  ^ 

^        ,-11^    ^               #  '  #    ^         ^   .4  ^    ^  ^ 

^     1^    ^     1^           #^4;-^  -4,    ^  ^ 

^-^^  ^4   #  ^  --H^  ^ 

^  >4^'^^       4      ^  ,  4-         ^-4  -4^^^^^  \^  4 

1^                ^  -^J--^  ^  -1^  ^  ^   ^    ^  4 


^        ,       +  ^       ^  ^  ^  ^ 


^  ^  ^  ^  ^  ^  ^  #  ^ 

^   ^  -^4  ^   ^  ^^^^    ^  ^  ^ 

#    f  .     ^  4-  4  ^    ^  ^    ^  4 

^         -  •  4^^.^-,^  ^   ^   ^  ^    ^  ^ 

i.  4  ^,4>4  4^  4  4%^4^^ 

^  -i^  4  4     4     4     #  f-  ^ 

4--^    ^     ^  4  ^  ^  ^    f    4^  ^     *  ^ 


